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Packaged semiconductor devices and packaging devices and
methods are disclosed. In one embodiment, a method of pack-
aging a semiconductor device includes providing a first inte-
grated circuit die that is coupled to a first surface of a substrate
that includes through-substrate vias (TSVs) disposed therein.
A conductive ball is coupled to each of the TSVs on a second
surface of the substrate that is opposite the first surface of the
substrate. A second integrated circuit die is coupled to the
second surface of the substrate, and a molding compound is
formed over the conductive balls, the second integrated cir-
cuit die, and the second surface of the substrate. The molding
compound is removed from over a top surface of the conduc-
tive balls, and the top surface of the conductive balls is
recessed. A redistribution layer (RDL) is formed over the top
surface of the conductive balls and the molding compound.
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PACKAGED SEMICONDUCTOR DEVICES
AND PACKAGING DEVICES AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of and claims priority to
U.S. patent application Ser. No. 13/770,909, filed Feb. 19,
2013, and entitled “Packaged Semiconductor Devices and
Packaging Devices and Methods,” which application is incor-
porated herein by reference. This application relates to the
following co-pending and commonly assigned patent appli-
cation Ser. No. 13/753,204, filed on Jan. 29, 2013, entitled, “A
PoP Device,” which application is hereby incorporated herein
by reference.

BACKGROUND

Semiconductor devices are used in a variety of electronic
applications, such as personal computers, cell phones, digital
cameras, and other electronic equipment, as examples. Semi-
conductor devices are typically fabricated by sequentially
depositing insulating or dielectric layers, conductive layers,
and semiconductive layers of material over a semiconductor
substrate, and patterning the various material layers using
lithography to form circuit components and elements
thereon. Dozens or hundreds of integrated circuits are typi-
cally manufactured on a single semiconductor wafer. The
individual dies are singulated by sawing the integrated cir-
cuits along a scribe line. The individual dies are then pack-
aged separately, in multi-chip modules, or in other types of
packaging, for example.

The semiconductor industry continues to improve the inte-
gration density of various electronic components (e.g., tran-
sistors, diodes, resistors, capacitors, etc.) by continual reduc-
tions in minimum feature size, which allow more components
to be integrated into a given area. These smaller electronic
components also require smaller packages that utilize less
area than packages of the past, in some applications. 3DICs
and package-on-package (PoP) devices are some recent pack-
aging designs in which multiple dies are stacked vertically in
a package.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

FIGS. 1 through 13 are cross-sectional views illustrating
methods of packaging integrated circuit dies in accordance
with some embodiments;

FIGS. 14 and 15 show more detailed cross-sectional views
of portions of the packaged semiconductor device shown in
FIG. 13; and

FIG. 16 is a flow chart illustrating a method of packaging a
semiconductor device in accordance with some embodi-
ments.

Corresponding numerals and symbols in the different fig-
ures generally refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly illustrate the rel-
evant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of some of the embodiments of the
present disclosure are discussed in detail below. It should be
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2

appreciated, however, that the present disclosure provides
many applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments
discussed are merely illustrative of specific ways to make and
use the disclosure, and do not limit the scope of the disclosure.

Some embodiments of the present disclosure are related to
packaging of semiconductor devices. Novel packaging meth-
ods, packaging devices, and packaged semiconductor devices
will be described herein.

FIGS. 1 through 13 are cross-sectional views illustrating
methods of packaging integrated circuit dies in accordance
with some embodiments. Referring first to FIG. 1, a partially
packaged semiconductor device 100 is provided. The par-
tially packaged semiconductor device 100 includes one or
more first integrated circuit dies 114a and 1145 attached to an
interposer substrate 102. The partially packaged semiconduc-
tor device 100 will be packaged with a second integrated
circuit die 130 (see FIG. 4) in accordance with some embodi-
ments.

Referring again to FIG. 1, the substrate 102 comprises a
silicon substrate, a silicon or glass interposer, a printed circuit
board (PCB), an organic laminate substrate, or other type of
substrate, as examples. The substrate 102 includes a plurality
of through substrate vias (TSVs) 104 disposed therein. The
TSVs 104 extend from a first side 106 of the substrate 102 to
a second side 108 of the substrate 102. The TSVs 104 com-
prise a conductive material and provide vertical electrical
connections from the first side 106 to the second side 108 of
the substrate 102. Bond pads 110 are coupled to one or more
ofthe TSVs 104 on the first side 106 of the substrate 102, and
contact pads 112 are coupled to one or more of the TSVs 104
on the second side 108 of the substrate 102.

An integrated circuit die 114a is coupled to the substrate
102 in an integrated circuit die mounting region 113 of the
substrate 102. The integrated circuit die 114a may be attached
to the substrate 102 using an adhesive, tape, or other means.
The integrated circuit die 114a is electrically coupled to the
bond pads 110 using wire bonds 116a. Integrated circuit die
1145 may be attached to a top surface of integrated circuit die
114a using an adhesive, tape, or other means. The integrated
circuit die 11454 is electrically coupled to the bond pads 110
using wire bonds 1165. In the figures, the integrated circuit
dies 1144 and 1145 are shown coupled to the same bond pads
110 for simplicity; however, in some embodiments, the inte-
grated circuit dies 114a and 1145 are each coupled to difter-
ent bond pads 110 on the substrate 102.

The partially packaged semiconductor device 100 may
include one integrated circuit die 1144 in some embodiments,
or the partially packaged semiconductor device 100 may
include two stacked integrated circuit dies 114a and 1145 that
may comprise different dimensions or the same dimensions.
The integrated circuit dies 114a and 1145 may comprise one
or more semiconductive material layers, one or more conduc-
tive material layers, one or more dielectric material layers, or
combinations thereof, as examples. A molding compound
118 is formed over the vertically stacked integrated circuit
dies 114a and 1145, over the wire bonds 116a and 1165, and
over exposed portions of the substrate 102.

To package the partially packaged semiconductor device
100 with another integrated circuit die 130, a carrier wafer
120 is provided, as shown in FIG. 2. The carrier wafer 120
comprises a silicon substrate, a silicon or glass interposer, a
PCB, or an organic laminate substrate in some embodiments.
Alternatively, the carrier water 120 may comprise other types
of wafers or materials. An adhesive 122 is applied on the
carrier wafer 120. The adhesive 122 may comprise a glue,
laminate coating, foil, or other types of adhesive, as
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examples. The partially packaged semiconductor device 100
shown in FIG. 1 (or other types of partially packaged inte-
grated circuits) is inverted and attached to the adhesive 122 on
the carrier wafer 120, as shown in FIG. 3. A plurality of the
partially packaged semiconductor devices 100 are attached to
the adhesive 122 on the carrier wafer 120 and processed, and
after the packaging process is completed, the packaged semi-
conductor devices are singulated, to be described further
herein.

A plurality of conductive balls 124 are attached to the
contact pads 112 on the second side 108 of the substrate 102,
also shown in FIG. 3. The conductive balls 124 comprise
solder, Cu, or other eutectic conductive materials, for
example. In some embodiments, the conductive balls 124
comprise solder, Cu, or a Cu core, as another example. The
conductive balls 124 may be formed around the perimeter of
the substrate 102 or along two or more sides of the substrate
102, for example. The conductive balls 124 may be formed in
one or more rows around the perimeter of an integrated circuit
mounting region 126 on the second side 108 of the substrate
102, for example. The conductive balls 124 may be formed in
various ball grid array (BGA) arrangements, for example.
Alternatively, the conductive balls 124 and contact pads 112
may be arranged in other configurations.

A second integrated circuit die 130 is attached to the inte-
grated circuit die mounting region 126 of the substrate 102
using an adhesive 128, as shown in FIG. 4. The integrated
circuit die 130 includes a plurality of conductive bumps 132
disposed thereon. The conductive bumps 132 may comprise
solder bumps, controlled collapse chip connection (C4)
bumps, Cu bumps, or other types of eutectic materials, as
examples.

A molding compound 134 is formed over the second inte-
grated circuit die 130, the conductive balls 124, and exposed
portions of the substrate 102, as shown in FIG. 5. The molding
compound 134 comprises an insulating material such as a
polymer, a molding underfill material, or other insulators, as
examples. The molding compound 134 is also referred to
herein, e.g., in some of the claims, as a molding compound
layer 134.

A top portion of the molding compound 134 is then
removed from over top surfaces of the conductive balls 124
using a grinding process 136, as shown in FIG. 6. The grind-
ing process 136 also results in the removal of the molding
compound 134 from over top surfaces of the conductive
bumps 132 on the integrated circuit die 130 in some embodi-
ments. The grinding process 136 comprises a mechanical
grinding process in some embodiments. Alternatively, other
types of grinding processes 136 may be used. Removing the
top portion of the molding compound 134 comprises grinding
the molding compound 134 in some embodiments, for
example.

The grinding process 136 may leave behind a residue 138
on a top surface of the molding compound 134, the conduc-
tive balls 124, and/or the conductive bumps 132 in some
embodiments. In other embodiments, a residue 138 is not
formed on the top surface of the molding compound 134 due
to the grinding process 136, for example. The residue 138
may include materials of the molding compound 134, the
conductive balls 124, and/or the conductive bumps 132, for
example. The residue 138 may include one or more conduc-
tive and/or insulating materials, as examples. In some
embodiments, at least portions of the residue comprise SnOx.

Next, a etch process 140 is used to recess the conductive
balls 124, as shown in FIG. 7. Only one partially packaged
semiconductor device 100 and integrated circuit die 130 are
shown in FIG. 7 and the remaining drawings, to simplify the
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figures. The etch process 140 comprises a chemical etch
process that is adapted to recess the conductive balls 124 but
not recess the molding compound 134, for example. The etch
process 140 comprises an etch process that selectively etches
the material of the conductive balls 124 in some embodi-
ments, for example. The etch process 140 may comprise a soft
chemical etch and may comprise KOH, Formic acid, H,SO,,
an HF and HNO; mixture, or an HCIO, and H;COOH mix-
ture in some embodiments, as examples, although alterna-
tively, other types of etch chemistries may be used. The etch
process 140 forms recesses 142 in the top surfaces of the
conductive balls 124 in some embodiments. Recessing the
top surface of the conductive balls 124 comprises etching the
conductive balls 124 in some embodiments, for example.

A more detailed cross-sectional view of a recess 142
formed in a conductive ball 124 is shown in FIG. 8. Recessing
the top surface of the conductive balls 124 comprises recess-
ing the top surface of the first conductive balls by a dimension
d, comprising about 10 um or less below a top surface of the
molding compound 134 after the grinding process 136 in
some embodiments, as an example. Alternatively, dimension
d, of the recess 142 may comprise other values.

In some embodiments, the etch process 140 also results in
the formation of a recess 144 in the top surfaces of the con-
ductive bumps 132 of the integrated circuit die 130, as shown
in amore detailed cross-sectional view in FIG. 9. The recesses
144 in the top surfaces of the conductive bumps 132 may
comprise a dimension d, below a top surface of the molding
compound 134, wherein dimension d, of the recesses 144 of
the conductive bumps 132 may be substantially the same as,
or different than, dimension d, of the recesses 142 of the
conductive balls 124, for example. In other embodiments, the
etch process 140 does not result in the formation of recesses
144 in the top surfaces of the conductive bumps 132.

In some embodiments, the etch process 140 advanta-
geously results in the removal of the residue 138 (see FIG. 6)
from the top surfaces of the molding compound 134, the
conductive balls 124, and/or the conductive bumps 132. In
embodiments wherein portions of the residue 138 comprise a
conductive material, shorts and/or current leakage are pre-
vented in the package by the novel etch process 140 used to
form recesses 142 in the conductive balls 124 and to remove
the residue 138.

Referring next to FIGS. 10 and 11, a redistribution layer
(RDL) 154 is formed over the top surface of the molding
compound 134, the recessed top surfaces of the conductive
balls 124, and the top surfaces of the conductive bumps 132
which may or may not be recessed in accordance with some
embodiments. Forming the RDL 154 comprises coupling
portions of the RDL 154 to the conductive balls 124 and/or to
the conductive bumps 132 disposed on the integrated circuit
die 130 in some embodiments, for example.

To form the RDL 154, a first passivation layer 146 com-
prising one or more insulating materials or insulating material
layers is formed over the molding compound 134, the
recessed top surfaces of the conductive balls 124, and the top
surfaces of the conductive bumps 132, as shown in FIG. 10.
The first passivation layer 146 may comprise a polymer,
silicon dioxide, silicon nitride, other insulating materials, or
multiple layers or combinations thereof, as examples. Alter-
natively, the first passivation layer 146 may comprise other
materials.

The first passivation layer 146 is patterned, exposing at
least portions of the top surfaces of the conductive balls 124
and the top surfaces of the conductive bumps 132. The first
passivation layer 146 may be patterned using photolithogra-
phy, by forming a layer of photoresist (not shown) over the
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first passivation layer 146, exposing the layer of photoresistto
energy or light reflected from or transmitted through a lithog-
raphy mask having a desired pattern thereon, and developing
the layer of photoresist. Exposed or unexposed regions of the
layer of photoresist are ashed or etched away, depending on
whether the layer of photoresist is a positive or negative
photoresist, for example. The layer of photoresist is then used
an etch mask while portions of the first passivation layer 146
are etched away. Alternatively, the first passivation layer 146
may be patterned using other methods, such as a direct pat-
terning method, e.g., in embodiments wherein the first passi-
vation layer 146 comprises a photosensitive material.

Afirst conductive material 148 is formed over the patterned
first passivation layer 146, also shown in FIG. 10. The first
conductive material 148 comprises a conductor such as Cu,
Al, Ti, or combinations or multiple layers thereof, as
examples. The first conductive material 148 may alternatively
comprise other materials. The first conductive material 148 is
patterned using photolithography into a desired pattern, as
shown in FIG. 11. Portions of the first conductive material
148 remain in the patterns in the first passivation layer 146,
forming contacts or vias that are electrically coupled to the
top surfaces of the conductive balls 124 and conductive
bumps 132. Portions of the first conductive material 148 on
the top surface of the first passivation layer 146 may comprise
fan-out regions that form lateral or horizontal wiring and
connections of the RDL 154 in some embodiments, for
example.

A second passivation layer 150 is formed over the pat-
terned first conductive material 148 and the patterned first
passivation layer 146, as shown in FIG. 11. The second pas-
sivation layer 150 may comprise similar materials described
for the first passivation layer 146, for example. The second
passivation layer 150 is patterned using similar methods
described for the first passivation layer 146, and a second
conductive material 152 is formed over the patterned second
passivation layer 150. The second conductive material 152
comprises similar materials described for the first conductive
material 148, for example. The second conductive material
152 is then patterned using photolithography. Portions of the
second conductive material 152 comprise an under-ball met-
allization (UBM) structure in some embodiments, for
example.

A plurality of second conductive balls 156 is formed on
portions of the second conductive material 152 of the RDL
154, as shown in FIG. 12. The conductive balls 156 may be
formed using a ball drop or ball mounting process, for
example. The conductive balls 156 comprise solder or other
eutectic material, as examples. Alternatively, the conductive
balls 156 may comprise other materials and may be formed
using other methods.

The carrier wafer 120 and adhesive 122 are then removed
from the packaged semiconductor devices 160 using a de-
bonding process, as shown in FIG. 13, which illustrates a
packaged semiconductor device 160 after inverting the pack-
age. The packaged semiconductor devices 160 are singulated
using a die saw or other singulation method, forming a plu-
rality of individual packaged semiconductor devices 160. The
packaged semiconductor devices 160 comprise PoP devices
that each include a partially packaged semiconductor device
100 and an embedded integrated circuit die 130 coupled to the
partially packaged semiconductor device 100. The RDL 154
provides fan-out regions of wiring and electrical connections
for the packaged semiconductor devices 160.

FIGS. 14 and 15 are more detailed cross-sectional views of
portions of the packaged semiconductor device 160 shown in
FIG. 13. FIG. 14 illustrates contacts comprised of the first
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conductive material 148 that are coupled to a conductive ball
124 that includes the recess 142 on the surface thereof. A
portion of the first conductive material 148 fills the recess 142
in the conductive ball 124. A portion of the first passivation
layer 146 also fills a portion of the recess 142 in accordance
with some embodiments. The conductive ball 124 is coupled
to a contact pad 112 on the substrate 102, and the contact pad
112 is coupled to a TSV 104 disposed within the substrate
102.

FIG. 15 illustrates contacts comprised of the first conduc-
tive material 148 that are coupled to conductive bumps 132 of
the integrated circuit die 130 that include a recess 144 on a
surface thereof. A portion of the first conductive material 148
fills the recesses 144 in the conductive bumps 132. A portion
of the first passivation layer 146 also fills a portion of the
recesses 144 in accordance with some embodiments. The
conductive bumps 132 are disposed on the integrated circuit
die 130 and are encapsulated by the molding compound 134.

The recesses 142 and 144 in the conductive balls 124 and
the conductive bumps 132, respectively, are curved in a cross-
sectional view in some embodiments. The recesses 142 and
144 may be deeper in a central region and shallower at edge
regions, for example. Alternatively, the recesses 142 and 144
may be square or trapezoidal in a cross-sectional view, not
shown in the drawings. The recesses 142 and 144 may alter-
natively comprise other shapes, depending on the type of etch
process 140 and/or the materials of the conductive balls 124
and conductive bumps 132, for example.

In some embodiments, the conductive bumps 132 on the
integrated circuit die 130 are not recessed below the surface of
the molding compound 134. The conductive bumps 132 on
the integrated circuit die 130 comprise top surfaces that are
substantially coplanar with the top surface of the molding
compound 134 in these embodiments, for example.

FIG. 16 is a flow chart 170 illustrating a method of pack-
aging a semiconductor device in accordance with some
embodiments. In step 172, a first integrated circuit die 114a is
provided, the first integrated circuit die 114a being coupled to
a first surface 106 of a substrate 102 including a plurality of
through-substrate vias (TSVs) 104 disposed therein. In step
174, a conductive ball 124 is coupled to each of the plurality
of TSVs 104 on a second surface 108 of the substrate 102, the
second surface 108 being opposite the first surface 106 of the
substrate 102. In step 176, a second integrated circuit die 130
is coupled to the second surface 108 of the substrate 102. In
step 178, a molding compound 134 is formed over the con-
ductive balls 124, the second integrated circuit die 130, and
the second surface 108 of the substrate 102. In step 180, the
molding compound 134 is removed from over a top surface of
the conductive balls 124, and in step 182, the top surface of
the conductive balls 124 is recessed. In step 184, an RDI. 154
is formed over the top surface of the conductive balls 124 and
the molding compound 134.

The integrated circuit dies 114a, 1145, and 130 described
herein may include active components or circuits, not shown.
The integrated circuit dies 114qa, 1145, and 130 may include
silicon or other types of semiconductive material with active
components or circuits formed thereon, for example. The
integrated circuit dies 1144, 1145, and 130 may include con-
ductive material layers, insulating material layers, and semi-
conductor elements, such as transistors, diodes, capacitors,
inductors, resistors, etc. In some embodiments, integrated
circuit dies 114a and 1145 comprise memory devices, and
integrated circuit die 130 comprises a logic device or a pro-
cessor, as an example. Alternatively, the integrated circuit
dies 114a, 1145, and 130 may comprise other types of func-
tional circuitry.
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Some embodiments of the present disclosure include meth-
ods of packaging semiconductor devices, and also include
packaged semiconductor devices 160 that have been pack-
aged using the novel packaging methods described herein.
Other embodiments include novel packaging devices.

For example, referring again to FIG. 13, in accordance with
some embodiments, a packaging device includes a substrate
102 comprising TSVs 104 disposed therein. The substrate
102 includes an integrated circuit die mounting region 113 on
one side 106 and an integrated circuit die mounting region
126 on the other side 108 opposite side 106. A conductive ball
124 is coupled to each of the TSVs 104, and a molding
compound 134 is disposed over the substrate 102 and portions
of the conductive balls 124. Top surfaces of the conductive
balls 124 include a recess 142 and are recessed below a
surface of the molding compound 134. An RDL 154 is dis-
posed over the molding compound 134, and portions (e.g.,
portions of the first conductive material 148) of the RDL 154
are coupled to the recessed top surfaces of the conductive
balls 124. In some embodiments, the substrate 102 includes a
contact pad 112 coupled to each of the TSVs 104, and each
conductive ball 124 is coupled to a contact pad 112.

Some embodiments of the present disclosure include pack-
aged semiconductor devices 160 that include the packaging
devices described herein. The packaged semiconductor
devices 160 include an integrated circuit die 130 coupled to
the surface 108 of the substrate 102 that the conductive balls
124 are coupled to. Conductive bumps 132 of the integrated
circuit die 130 are coupled to portions of the RDL 154 of the
packaging device. The conductive bumps 132 are also
recessed below the top surface of the molding compound 134
in accordance with some embodiments. In some embodi-
ments, the packaged semiconductor device 160 also includes
integrated circuit die 114a and/or 11456 coupled to a surface
106 of the substrate 102.

Advantages of some embodiments of the disclosure
include providing novel packaging methods and devices
wherein a novel etch process 140 is used to remove a residue
138 formed by a grinding process 136 for a molding com-
pound 134, which prevents and/or reduces shorts and current
leakage between integrated circuit dies 114a, 1145, and 130.
Improved adhesion of the first passivation layer 146 of the
RDL 154 to the molding compound 134 is achieved due to the
removal of the residue 138. Portions of the residue 138 may
contain SnOx, and the etch process 140 advantageously
removes the SnOx, resulting in an improved conductive inter-
face surface on the conductive balls 124 and conductive
bumps 132.

A thermal budget for the molding compound 134 can be
reduced, avoiding the need for a high curing temperature for
the molding compound 134, due to the implementation of the
etch process 140, which reduces warpage of the package. For
example, a high temperature curing temperature process
which would avoid the residue becoming easily trapped
within a soft molding compound (which has not been high
temperature cured) during a CMP process is avoided by the
implementation of the etch process 140 of embodiments of
the present disclosure.

Only one substrate 102 is required, and the integrated cir-
cuit die 130 is embedded in the packaging system without
requiring an additional interposer substrate, for example. A
low cost 3D packaging system is disclosed that has a novel
fan-out interconnect structure. Furthermore, the novel pack-
aging devices and methods are easily implementable in
manufacturing and packaging process flows.

In accordance with some embodiments of the present dis-
closure, a method of packaging a semiconductor device
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includes providing a first integrated circuit die that is coupled
to a first surface of a substrate that includes TSVs disposed
therein. A conductive ball is coupled to each of the TSVs on
a second surface of the substrate that is opposite the first
surface of the substrate. A second integrated circuit die is
coupled to the second surface of the substrate, and a molding
compound is formed over the conductive balls, the second
integrated circuit die, and the second surface of the substrate.
The molding compound is removed from over a top surface of
the conductive balls, and the top surface of the conductive
balls is recessed. An RDL is formed over the top surface of the
conductive balls and the molding compound.

In accordance with other embodiments, a method of pack-
aging a semiconductor device includes attaching a first inte-
grated circuit die to a carrier wafer, wherein the first inte-
grated circuit die is coupled to a substrate. The substrate
includes a plurality of TSVs disposed therein and includes a
first surface and a second surface opposite the first surface.
The first integrated circuit is coupled to the first surface of the
substrate, and the plurality of TSVs extend from the first
surface to the second surface of the substrate. The method
includes coupling a first conductive ball to each of the plural-
ity of TSVs on the second surface of the substrate, coupling a
second integrated circuit die to the second surface of the
substrate, and forming a molding compound layer over the
first conductive balls, the second integrated circuit die, and
the second surface of the substrate. The method includes
grinding the molding compound layer to expose a top surface
of the first conductive balls, recessing the top surface of the
first conductive balls, and forming a RDL over the top surface
of the first conductive balls and a top surface of the molding
compound layer. A plurality of second conductive balls is
formed over the RDL, and the carrier wafer is removed.

Inaccordance with other embodiments, a packaging device
includes a substrate comprising a plurality of TSVs disposed
therein, and a conductive ball coupled to each of the plurality
of TSVs. A molding compound layer is disposed over the
substrate and portions of the conductive balls, wherein top
surfaces of the conductive balls are recessed below a top
surface of the molding compound layer. An RDL is disposed
over the molding compound layer. Portions of the RDL are
coupled to the recessed top surfaces of the conductive balls.

Although some embodiments of the present disclosure and
their advantages have been described in detail, it should be
understood that various changes, substitutions, and alter-
ations can be made herein without departing from the spirit
and scope of the disclosure as defined by the appended
claims. For example, it will be readily understood by those
skilled in the art that many of the features, functions, pro-
cesses, and materials described herein may be varied while
remaining within the scope of the present disclosure. More-
over, the scope of the present application is not intended to be
limited to the particular embodiments of the process,
machine, manufacture, composition of matter, means, meth-
ods, and steps described in the specification. As one of ordi-
nary skill in the art will readily appreciate from the disclosure
of the present disclosure, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently
existing or later to be developed, that perform substantially
the same function or achieve substantially the same result as
the corresponding embodiments described herein may be
utilized according to the present disclosure. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.
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What is claimed is:

1. A device, comprising:

a substrate comprising a plurality of through-substrate vias
(TSVs) disposed therein;

aplurality of conductive balls coupled to respective ones of
the plurality of TSVs;

amolding compound layer disposed over the substrate and
portions of the conductive balls, wherein top surfaces of
the conductive balls are recessed below a top surface of
the molding compound layer; and

a redistribution layer (RDL) disposed over the molding
compound layer, wherein portions of the RDL are
coupled to the recessed top surfaces of the conductive
balls.

2. The device of claim 1, wherein the conductive balls
comprise a material selected from the group consisting of
solder, Cu, a Cu core, and combinations thereof.

3. The device of claim 1, wherein respective ones of the
plurality of conductive balls physically contact respective
bond pads of a plurality of bond pads and each respective
bond pad physically contacts a respective TSV of the plurality
of TSVs.

4. The device of claim 1, wherein respective top surfaces of
the conductive balls have a concave shape.

5. The device of claim 1, further comprising an annular
shaped interface between a conductive ball and the molding
compound, and wherein the annular shaped interface is at a
topmost portion of the top surface of the conductive ball.

6. The device of claim 1, wherein the conductive balls and
RDL are located on a first side of the substrate, and further
comprising an integrated circuit die mounted to a second side
of the substrate, opposite the first side of the substrate.

7. The device of claim 6, further comprising a bond pad on
the first side of the substrate and physically contacting a first
end of one of the plurality of TSVs, and a contact pad on the
second side of the substrate and physically contacting a sec-
ond end of the one of the plurality of TSVs.

8. The device of claim 7, wherein the integrated circuit is
wire bonded to the contact pad.

9. A device comprising:

an interposer substrate having a first side and a second side
opposite the first side and having a through via extending
through the interposer substrate from the first side to the
second side;

a conductive ball on the first side of the interposer substrate
and electrically contacting the through via, the conduc-
tive ball being nominally spherical in shape, having a flat
bottom surface proximate the interposer substrate, and
having a depressed top surface distal the interposer sub-
strate, the depressed top surface defining a recess;

a molding compound surrounding the conductive ball and
the top surface of the conductive ball, but not extending
into the recess; and

a redistribution layer (RDL) over the first side of the inter-
poser substrate, the RDL extending into and at least
partially filling the recess and physically contacting the
depressed top surface of the conductive ball.

10. The device of claim 9, wherein the RDL partially fills
the recess and further comprising a passivation layer filling a
remaining portion of the recess.

11. The device of claim 9, further comprising a bond pad
physically contacting the through via on the first side of the
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interposer substrate, and a contact pad physically contacting
the through via on the second side of the interposer substrate,
wherein the flat bottom surface of the conductive ball physi-
cally contacts the bond pad.

12. The device of claim 9, further comprising an annular
interface between the conductive ball and the molding com-
pound and wherein the annular interface is coplanar with a
topmost surface of the molding compound and defines a
topmost surface of the conductive ball.

13. The device of claim 9, further comprising an integrated
circuit mounted on the second side of the interposer substrate
and electrically coupled to the RDL through the through via
and the conductive ball.

14. The device of claim 13, wherein the molding com-
pound surrounds an outer periphery of the interposer sub-
strate and defines a cavity in which the integrated circuit is
located.

15. The device of claim 13, further comprising a second
integrated circuit mounted on the first side of the interposer
substrate, the second integrated circuit including a conductive
bump, the conductive bump having a depressed top surface
distal the interposer substrate, the depressed top surface
defining a second recess, wherein the RDL extends into and at
least partially fills the second recess and physically contacts
the depressed top surface of the conductive bump.

16. A packaged semiconductor device comprising:

a substrate comprising a plurality of through-substrate vias
(TSVs) disposed therein, wherein the substrate com-
prises a first surface and a second surface opposite the
first surface;

a conductive ball coupled to each of the plurality of TSVs,
wherein the conductive balls are coupled to the first
surface;

a molding compound layer disposed over the substrate and
portions of the conductive balls, wherein top surfaces of
the conductive balls are recessed below a top surface of
the molding compound layer; and

a redistribution layer (RDL) disposed over the molding
compound layer, wherein portions of the RDL are
coupled to the recessed top surfaces of the conductive
balls;

wherein the semiconductor device includes a first inte-
grated circuit die coupled to the first surface of the sub-
strate, and wherein conductive bumps of the first inte-
grated circuit die are coupled to portions of the RDL.

17. The packaged semiconductor device according to
claim 16, wherein the conductive bumps of'the first integrated
circuit die are substantially coplanar with the top surface of
the molding compound layer.

18. The packaged semiconductor device according to
claim 16, wherein the conductive bumps of'the first integrated
circuit die are recessed below the top surface of the molding
compound layer.

19. The packaged semiconductor device of claim 16, fur-
ther comprising a second integrated circuit die coupled to the
second surface of the substrate.

20. The packaged semiconductor device of claim 16,
wherein the portions of the RDL coupled to the recessed top
surfaces of the conductive balls extend into the recesses
formed by the recessed top surfaces of the conductive balls
and physically contact the recessed top surfaces.
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